
7’.
i

,
y’

,#i

.p ~ yP.’.’m? , ,.. . . . ...:.==-

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE

No. 1540

THE EFFECT OF TIP MODIFICATION AND THERMAL

DE -ICING AIR FLOW ON PROPELLER PERFORMANCE

AS DETERMINED FROM WIND-TUNNEL TESTS

By W. H. Gray and R. E. Davidson

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

%qgi-J7

Washington

February 1948

..—

—

FURREFERENCE -a!
*

NOT ‘It)BE TAKEN I+?C)M THIS F?CK)M t

?3?

)

— ——



-. * -.. .

ERRATA AND AlmmDuM

NACA TN No. 1540

TEE EET’ECT03’TIT MODIFICATION AND THEFMU
DE-ICIXG AIR FLOW ON PROPEZLXR PERFORMANCE

.

AS DETIR41NED FRQM WIND—TUNNEL TESTS
By W. H. Gray and R. E. Davidson .

.
February 1948

~ the second psragrayh under the heading “Torque of Graphite
Seals, page 12, the values for efficie~cy loss end net efficiency are
in error. The psragraph should read: For the peak-efficiency con-
dition at a blade angle of ~“, the rotational drag when charged to
the propeller resulted in a additional 0.8 percent decrease in
efficiency, or a net efficiency of 0.899. The losses from this source

are about three-fourths of tho~e entailed by the ~troductim of tip
nozzles and internal air flow.

k regard to the discussion of the torque of graphite seals, the
manufacturer adtises that much smaller mlues of friction horsepower
have been obtainedby employing graphite seals sliding in chrcmium-
plated steel parts. The materials furnished for the NACA tests, however,
were graphite seals sliding ti duraknnin parts, which combination showed
ccmsiderable wear as a result of less then 55 hours of running time.

For the above reasms, the last para~ap~ of the Suimary, page 1,
and Conclusion 6, page 13, are invalid-and should be deleted-

___ ~ ___
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Results are presented of the effects on propel&r efficiency of
thermal de-ic& of airplane propellers by use of internal flow through
hollow blades. Wind-tunnel tests were made of a propeller with blades
embodying tip orifices. Frovision was made for heating the internal
flow to aboti 285° F.

The flow through the tip nozzles of sood external design but with
poor internal ducttig caused peak efficiency losses of little more than
1 percent. When heat was added no add.itional change of efficiency was
found. (hm@aticn of the efficiency losses by a theoretical method

P resulted in a fafi check with the values e~er~taUy obtatied.

Bench tests employing smoke indicated that the internal ducting
of the blade should be faired to the tip nozzle. A minor addition to
the

was
was

intezzoalducting lea’d.ingto the nozzle Improved the flaw considerably.

The tcmque of
excessive, and
charged to the

Consideration

the spinner-juncture seals necessary to this desf~
large efficiency losses resulted when thts torque
propeller.

-ODUCTION

of the propeller-blade icing problem over a period

—---

-, -—

of many years has Indicated several possible solutions. One of the most
nromising solutions, and the one herein described, employs the passage
of heated air through hollgw blades, the flo%-emitttig from a nozzle

. ne& the blade tip. In the application of the system to fklght conditions,
it is intended that the flow of air shall be continuous, that heat should
be applied only during actual icing conditions. IWanerousflight tests,

A as weld as several %zlnd-tunnelMvestigat ions, have demonstrated that
this method is both structwally and aerodynamica3Jy feasible. fi one
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case, however, rather large discrepancies
loss entailed by the use of such a system
and flight tests of similar blades.

A method of evaluation of efficiency

NACA ~ ~Oo 1540

existed between the aero@nemic
as evaluated in wind-ttmnel

losses occasioned by the
presence of the tip nozzle has been presented in references 1-and 2,
and the results of wind-tunnel tests of blades employing tip nozzles
have been evaluated by means of this method. Uhfbrtunately, the nozzles
tested proved unnecessarily Isrge and were of aerodynamically poor
design. A satisfactory blade-tip-nozzle design, that is, ane which has
the least dedmimanta.1effect on section drag end lift, has since been
developed.

<The present investi~tion was made to detezmbe conclusively the
actual losses, as well as the accuracy of the _ical method, in
con$znction with tip nozzles of the best sfze and shapep Heat was added
to the internal flow to simulate operating conditions as nearly as possible,
and all necessary ducttnR for the titernal f26w was constructed in a
manner typical of a contemporary installation.

Ilmiammeter. - The NACA

JwmRmus

2000-horsepower propeller dynamometer of the -- -
Langley 16-foot high-speed tunnel, the essential details of which are s

described in reference 3, was used for these tests. Some modifications
of spinner fairing lines were necessary, however, since the syinner used
was 2 inchps smaller In diemeter than the standard spinner described in

-

reference 3. Minor additional alterationswere necessary to provide for
the inductio~, measurement, and heating of the internal air (figs. 1 and.2).

&ternal-flcm smt q.- A protuberance on the existm fixed fatring
covered aXL the metering and heating units except the venturi entrance,
at which point air was Induced for the internal flow. Because the
internal-flow inlet opening was located in the propeller slipstream, the
total pressure was sub,lectto change with chamdng propeller operating
conditions, end both total~essure and static-presmme measurements in
the venturt were required for each measurement of mass flow.

The throttle h the after end of the venturi was installed to find
the effeet of varlation of mm flow cm the ~opeller aero%ynamlc
characteristics● As is explatned subsequent~y herein, certain factors
limited the use of the throttle in obtaining design values of mass flow. .

An electiic heater was instaUed downstream from the venturi in
the duct system. A rheostat in the field of a motor generatar set d

permitted accurate control of the voltage across the heater termfnals
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end, therefore, aJJ.meiioutput temperatures to be controlled readily

within *o. Tor the mass flows tivestlgated, the heater was ca~ble

3

of
suJpZTinR air at 500° F. A thermooo~le measured dr temperatures from
the heater. The tiduction system fram the venturi to the annulsx manifold
was attached to a floating component of the dvnsmcmeter. All forces
resulting from the induction of the de-icing air.were, therefore, auto-
maticaUy incltiea.in the measurement of propeller thrust. The exterx&
drag values of the induction system were r~uced as much as ~racticable
by enclosing all but the venturi entrance within a fixed fairing. Leakage
eround.the venturi entraace was reduced by a rubber seal.

. The annular manifold.received the de-icing atr d.uctedfrom the
venturi and heater. Lar- holes on the inner face of this manifold
allowed the air to pass across the narrow gap to the rotattig spinner
bulkhead. The bulkhead ~s cut out behind each blade shank to provide sn
air passage to the blade-shank ducts. The path of the ati from these
ducts was tbro~ shank holes to the blade itself end thence to the tip
exit nozzle. Between the shank and the tip exit nozzle the flow was
conftied to the leadtnredge half of the blade by a partition within the
blade.

Se~nted gcaphite seals mre provided to reduce leakage to en
aUomble mixxlmm at the blade shad% and at the spinner periphery, the
two points in the fiternd system where there was relative motion
between psrts.

,=4.- A two-blade propeU.er with blabs of modified Curtiss -
desi~ No. 528 waa employed in the teste. The blades, as recetved, were
furnished with a spanwise Fiberglas pe@ition riveted to the inner faces
of the mm and luwer sutYac3s but no tip orifices had been cut.
FolJ.uw@q the no+low (no-tip-nozzle) tests, the tip nozzles were cut
end the tests were continued with internal flow.

Visual e~tion indicated sllght distort~on of the blade sections
at the petits at which the partition was riveted. Stice, however, the
tests sre for comparative proposes only, the effects of such distortion
may be considered the same for each d the configurathns tested. Absolute
values of the aerodynamic chsracterisbicsmav be scamihat in error If the
uncut blades are considered to be representative Ctiiss 528 bkdes.

Standard Curtiss 528 blades enibo&v??ACA16--seriessectims throwhout,
and the blade-form curves are presented ti fi~e 3.

Two roughly e~iptical holes, each of area 0.h09 square tich, had
been cut in each blade shank at locations ca’midered to be least detrimental
structurtiv. These holes were larger than necessary and permitted more
internal mass flow than specified by the desi~ cmditions.
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In the base of each blade shank, a rubber compound had been poured
to seal the shank at the end of the partition. Internal flow was thus
prevented from entering any part of the blade except that between the
partition and the leading edge.

TAB orMice.- Several series of tests have been undertaken to
improve the design of the blade-tip nozzle. fi these unpublished tests,
W-scale mcdels of the tip of the propeller b3ade with two tip nozzles
were mounted in a small wind tmnel. Lift and drag changes resulting
frcm the addition of the nozzles were recorded at varying angles of attack.
The nozzle used in the present thermal de-icing tests was similar to the
bettm of the two nozzles used, except that h the present case no fairing
was used between the radial.partition and the orifice. The radial
partition located.at the 50-percent*hmrd station of the blade secticms
ended within 3.48 inches of the tipj thus the internal de-icing flow
is permitted to turn from a spanwise to a chordwise direction to emit
fram the tip orifice (figs. 4 and 5). The orifice with its gecmetric
center located 2.11 inches from the tip of the blade had a projected
area normal to the chord of 0.3X4 square tich on one blade and 0.3s?26square
inch on the other, making a total area of 0.00544 square foot. Unlike the
orifices employed in the previous wind-tmnel investigation (r&ference 1)7
there ~s no deformation of the blade upper surface; the orifice consisted
merely of a mooth hole cut in the upper surface near the blade tip.

TEsrs
—-

Scorn.- The propeller was investigated in two different blade
configurations, first as received and then as a Wopeller with open tip
nozzles and with internal air flow both heated and cold. In both COllfi@Z-

rations the propeller me. tested over a range of blade angle and a com-
bination of forward speeds and rotational speeds which simulated opera-
tion of the propeller in appropriate fldght applications. At the two
highest blade angles tested, power requirements necessitated that the
rotational speeds be sanewhat lower than desired.

The blade angles tested covered the range at the h2-inch radius
from 20° to !55°in ~o increments. The electric hub furnished was
employed to change and lock the blade angles~ The initial blade settings
for the uncut blades resulted in some slippage because of the tendency
of the blades to return to low pitch. It is certain that the slippage
occurred immediately at the start of the run and that the blade angles
remained constant at those values marked in figures 6 to 8, which in each
case are the angles measured at the completicm of the run~ Zmprcved

technique resulted in no blade-angle sltppage for the tests with
internal flow. Tests of cold and heated internal flow at each blade
angle were made consecutively,thus insuring identical blade-angle
settings.

.

.

“,
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Mass flow*- It was not feasible to obtain the desired values of
design WMM flow. The mass flow could have been corrected by operation
of the venturi throttle in an almost closed position; however, under the
resulting conditions the differential pressure across the spinner-periphery
seal would have exceeded 15 inches of water. This pressure differential
was selected as a reasonable value to which the pressu&e should be
limited La order to &able the completion of the test pro- without
failure of, or excessive wear on, the graphite seals. A throttle c&ning
greater than desired was selected, therefore, which permitted smmhat
greater than design mass flows.

-.

~.- The quantity of heat leavtng the electric heater was controlled ‘

by the regulati~ of.the temperate output wlthln ~ of 2%0 F as

indicated by the heater exit thermocouple. A temperat’we drop of 35°
between the meaaurtig thernmcouple and the blade shanks was est~ted.
The blxde ehanh could not be operated at temperatures exceeding 2x” 1?
because of the presence therein of a rubber sealing compound susceptibl& ‘-
to failure at elevated temperatures under the action of centrifugal force.
No satisfactory substitute for the ocmpound tis immediately available.

Benth tests.- A few bench tests were carried,out following the wlnd-
tunnel tests. The blade ti~, including the nozzle, *S surrounded with a
l~essure chauiber;and, by suitable instrumentation of the pressure
chamber, blade tip nozzle, and venturi, the pressure drop through the
syst~ end the density of air at the nozzle were determined. Although
the blade tip was find in the low-pressure chsmber, the effect of a
blade-angle change on the internal air flow at the blade shanks oould be
obtained by rotatim of the hub around the blade shamks as its axls~ In
additional tests, smoke was blown through the blade in order to determim
the nature of the flow at the tip nozzle. .

REDUCTION OF DATA

Symbols.- The test results, corrected for tunnel-wall interference,
are presented.in the fozm of the usual thrust and pbwer coefficients and
propeller efficiency.

AV cross-sectional

AN geometric total

%’ effective total

The symlols and definitions used =e as follows:

area of meter- venturi (0.0096 sq ft)

tip-nozzle sxea (0.00544 sqft)

tip-nozzle area, square feet —— .

b blade chord, feet .—.

‘z section design lift coefficient
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nozzle drag coefficient

power coefficient

thrust coefficient

propeller diameter

(P/Pn3D5)

(T/~2D4)

(10.19 f%)

acceleration due to gravity (32.2 ft/8ec2)

blade eection maximum thictiess, feet

advanceratio (V/nD)

Mach nuaiber

helical tip Mach nmaber

mass-flow rate of de-icing air, slugs per second

coefficient of mass flow of de-ictig air (m/@@D)

propeller rotational speed, revolution per second

propeller rotational speed, revolut~~ Per ~~e

power abscrrbed

total pressure
square foot

by propelllxm,foot-pounds per second

loss across internal flow system, pounds per

static Pessure in metering venturi} Po~ Per sq~e foot

pressure difference in metering ventmi, pounds per square foot

-C presswe at nozzle, pounds per square foot

universal gas constant (53.34 ft-lb/lb % for air)

propeller thrust, pounds

venturi stagnation air temperate, ?E’absolute

free-stream airspeed, feet per second

velocity of air leaving nozzle} feet per second

fraction of propeller tip radius

.

.

-.
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9 blade angle,

7

demees — -—

e nozzle effectiveness; cosine of total included angle between path
of flow from nozzle and helical path of nozzle

propeller efficiency
(9Cp

7 ratio of specific heats for air (1.40)

P mass density of ah in free stream, slugs yer cubic foot

% mss density of internal flow at nozzle, slugs per cubic foot

B~~ -Mm of face datq●- !l!hereduction of force data was accanplished
as described in detail in reference 1. A few pertinent points are
reiterated here for clarity.

The values of thrust coefficient presented are based on ccmrected
values of shaft tension caused by the propelJ-erforces only. Corrections
to data have been applied to cancel the effects of spinner forces and the
drag forces on the venturi entrance extending into the air stream.
Glauert’s correction for wtnd-tunnel ml-l interference has been ap~lied ‘
tO the velocity measurements; all velocity ~ta presented are for
equivalent free-stream airspeed.

Reduction of mass-flow data.- Because of the lccation of the
metering venturi behind the propelJer disk, it was necessary to measure
static and total venturi throat Pressmes as well.as temperature. The
form of the compressiblefilow equaticm used to ccmpute mass flows was

●

A coefficient of mass flow defined in
with other propellem coefficients is given

nlc=aL
QAp

reference 2 to be consistent
as follows:

—.
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Force Data
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General aercd.~Wc cl==cteristics. - Ccmventional propeller
characteristic of the uncut blades (fig. 6) indicated normal results
and nomal efficiencies for a propeller tith”blades having such a plan
form, thickness, and blade sectim. Far the reletively low hhch mmibers
at which,the tests were run, there appeared to be no serious effect
ft?m the deformation of the blade sections at the internal-partition
attachment points. Figures 7 and 8 present characteristics of the blades
tith COld - with heated internal flow, respectively. Several repeat
tests at the hi@mr blade angles indicated an ability to repeat data
within 1 percent. Repeat tests of doubtful data at very low and very
high blade angles were precluded.,however, because of failure of the
rivets supporting the blade partition.

It will be noted that the smooth efficiency curves in figure 9
are the envelopes of the lower blade-angle efficiency curves in
figures 6(c), 7(c), and ~c) but are not tangent to the 55° blade-angle

curves. The 1$ percent better efficiency at this blade angle may be

attributed fn part to the lower rotational speed value of ~ rpm. This
rotational speed resulted in a tip Mach number of only 0.61.at J . 2.9
compared tith values of ~ of 0.715 at llhO rpm and roughly 0.%5

at 1350 rpm. (See fig. 10.)

.

.

Effect of~ 1 flq.- The difference between the efficiency of a
propeller with uncut blades and the same one with tip =ffices amclinternal
flow represents the net loss in efficiency caused by these modifications.
lhternal flow is specified because it is intended that the propelhr willl
always be operated tith internal flow. The propeller envelope curves
(fig. 9) show losses up to 1 percent for the blades with cold internal
flow, except at very low values of J, where a crossover of the envelope
curves occurs.

Effects of heat.- The effects on propeller efficiency of adding
heat to the internal flow for temperatures of the order of 350° F at
which thermal anti-icing systems operate can be shown to be.negligible
by computation using the methods of reference 2. Thfs method of compu-
tation neglects any effects of heat transfer on the external flow, but
such effects would be expected to be very small at the low heating rates
involved. Although the temperate used in the present tests (2500F)
was scaewhat lower than would be anticipated in practice, the lack of
any measmable effects of heattig is in agreemmt with e~ectations.
Differences in efficiency, as small as those indicated in figure 9,
between cold and heated flow are less than the limit of accuracy of
these tests.
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~ffect of internal flow for one blade tie. - Smll and inconclusive
differences may be noted in fimre 11 for values of J other than for
peak eff~ciencyo Apparently, within the accuracy of the tests, 1 percerrt
may be considered the average percentage by which the addition of this
particular tip nozzle with internal fkwwi~ affect the efficiency of
the Cmtiss 528 blade. Since the mass flow was somewhat larger than the
design value, the characteristics would be qxpected to vary according to
the efficiency of the tip nozzle.

Internal Flow

General flow charscteristies.- Tt was believed that the use of a
tip-nozzle area measured in a plane perpendicular to the cho~ of a
blade section at the nozzle would be incmrect in any analysis of the
preseat unrevised’nozzle. ~ conjmction with bench-test sttiies of
the internal flow, therefore smoke studies were made of the flow from
the blade tip. Figures 12(a\ and 12(b) illustrate.the poor flow
obtafned. It may be seen h figure X2(a) that the flow emerged from
the nozzle in a direction other than optimum, which should coincide
with the etiended chord of a blade section at the nozzle. The &ngulari@
of the flow to the chord ltie ws determined to be 31°, which measurement
indicated that the nozzle area was very nearly that detezmdned by a plane
intersecting the blade and passing through the upper surface lip of the
nozzle perpendicular to the lower stiace of the blade. tiadditidn to
this angularity which affects the value of &’, part of the flow
turns upwardat an angle averaging approximat;~ 30° (fig. 12(b)).
The cosine of the total angle between an ideal chordwise flowat the
tip nozzle and the average actul flow has been taken as the nozzle
effectiveness E as defined in reference 2*

The nearly perfect flow conditions indicated in figure 6, page 78,
of reference 4 have been sacrificed by a caubination of construction
details. Undoubtedly the fluwat the tip nozzle could be impr~ved by
ducting the flow directly to the tip nozzle. Ih order to demonstrate
the latter point with the ~esent nozzle, internal ducting -s added as
shown in figure 13.

The photo@x@s of flow conditions obtained with the internal.
fatiing lines showed essentiddy chordwise flow at blade s?cticms
through the nozzle (fig. 14(a)) with very little t- upward of the
flow (fig. 14(b)). Most of the improvement h flow resulted frcm the
fairing between the blade partition and the nozzle rather than the
fairing between the bond line and the nozzle.

Evidently very little improvement in the tip-nozzle flow may be
obtained by inking the upper-smface nozzle lip parallel to the blade .““
axis or by removing the bulbous section of the lowsr surface after the
nozzle (section A-A, fig. 5).
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Ccmlwtdf~ Of Cm ~ab losses .- Through the use of a mass-flaw
Ooefflcient ~, computation of the cabined losses sustained by the
system with nozzle and internal.flow may be Mde. The actual values of
~ have been faired In figures 15(a) and 15(b). The mass-flow
coefficient ws reduced when heat was added.

●

✎

The same trend that was i.ndtcatedIn reference 1 for the mase-flow
coefficient to Increase with increase in propeller-advance ratio is
apparent. In contrast to the previous tests, however, there was very
little change in mass-flow coefficient with rotational speed. Another
point to be noted was that for a given rotatiaml spee&a faired curve
tangent to the curves of ~ agdnet J for each bhlle angle could
not be fitted by the theoretical hyperbola havtig constant values -of
4f/~ and ~/P as ~ ref-- lC V~WS of 4?f/~ ~ reciProc~
Vd_ues of PN/p obtatied from - -Iysis of the =Ss-fbw meas~ement~
are given in table I.

ValUSS of @f/~ and reciprocal values of ~/P obtained in %ench

tests are also presented in table I. The latter values represent twice
as much flow through a single blade for a given mass flow as would
normally be experienced since only one blade was used in the bench tests.
The setup was not flexible enough to permit a range of mass-flow measure-
ments, but a rou@ check indicated that the West= part of the Pressure
tiop occurred tithin the blade proper. .

The blade angle in these bench tests could be changed by rotathg
the hub around the shanks as an axis. The effect of a blade-anglm ChaW3
was to alter by a slight amount the intemal+low path to the shank holes.
NO ~iation of ~/qN far different blade an@es could be fotic The %
variation of &f/~ d ~/P tith b~e angle f~ a const~t ro*ti_l

speed, as well as the d change m mass_f~ coeffici~t ~~ r*tf~l
speed, was therefore believed to be caused by leakage in the system that
gave rise to errors in maes-flow measurement. The method emploved in
referende 2 - that of inducting the air directly at the propeller hub and
passing it through the hti to the blades - allowed no leakage. The present
arrangement, however, with graphite seals placed between fixed and rotating

parts nay allow considerable leakage, especially at the velocities
encountered in the tumnel throat at the hi@mr blade angles.

The consideration of the pressure field about the spinner and the
probability that the Internal pressure at the graphite seals is elevated
by centrifugal effects lead to the belief that the leakage is outward.
When leakage takea place from the spinner to the mn?rounding atmosphere,
the actual maes flow is less than the measured Internal mass flow, sad
the measmedmass-flcn? coefficients are therefare too hi~c Referring to
equation (26) of reference 2, wch as

.

.
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and notingthat
f%fi~ wouldbe

~~p iB practically constant (table I) indicatea that

weatly influenced by errors in the measurement of ~.

Another factor influencing the value of ~, and therefore of
*IQ =d SIP, is the selection of a vaAze of ~‘ to be used in

the computations. The value of ~ t used was that determined from the
smoke tests. These tests, however, ~re performed under static
conditims, and the actual value of ~‘ = -S depe-g on rotatiaml
speed (centrifugal pumping acticm) and the variaticn in the aerodynamic
suetion at the tip nozzle.

Desicn mass-flow coeffIclent.- The comect malues of desi~ mass flow”
could not be used in these tests because of the limited throttle closure
previously mentioned. The correct wei@t flow has been established for
a typical flight ap@icatim for these particular bl&les to be 0.10 pored
per second at 700 feet per seccmd rotational tip speed when 3500 F air
is deliverbd to the blade shanks at 15,000 feet altitude. The dashed
lines in figmes 15(a) and 15(b) are the values of design mc based on
the aforementioned figures and on the eanw nozzle erea as ws assumed in
the computation of actual mc. The assumption has alEo been tie that
the air flow will vary in direct proportion to the altitude density and
propeller rotational speed. When these assmptiona are adopted, mc
becomes a constant. Actually mc increases with increasing J. One
reason for this increase is that ram has been neglected in the cauputaticm
of desi~ ~. Another factor tencttngto increase ~ with increasing
J iS the effective nozzle area. The nozzle erea has been assumed
constant, but there may be a reduction in effective nozzle area at the
higher velocities.

F= a given rotational speed (1350 rpm), mc, as defined, vaxied
frcm approximately 20 percent to 120 percent ~eater than the desi~ %.
This Variaticm depended on the valus of J.

@lculated efficiency losseg.- The values of bf~~, ~/P3 ~a

mc lead to the computation of efficiency losses caused by the tip-nozzle
drag and internal flow. An e~ession for the over-all change in
efficiency has been ~esented in equation (21) of reference 2 as follows:

J

Appropriate values for the quantities

assumed. The values of ~’ and e

[JQ
*E

% 1(l&+JQ-l

~’, 6, and
%

were estimted Emxn

have been

the smke-f low
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tests. The maximum value of
%

was taken as 0.57 (fig. 161. This

value was deterwdned in previous tests {unpublished) of a similar nozzle.

The values of & at the maxinum efficiency calculated frQM the
comlxlned-lossequation and those tiuea obtained from the curves of force
data are both presented in table 1. The results may be considered in
fair agreement. It should be kept in mind that individual force data
may be repeated only to the nearest 1 percent.

Torque of Graphite Seals

The ~phite seals used to reduce leakage at the sphner juncture
ere tievitably a source & power loss. TO det~e e~ctly the
mguitude of the power losses for this pert’icular-tallation was
dashed. These seals operated on & diameter of 23.562 inches. The
torque was dete?mlned by readings of the lxxrquemeter with the seals in
and _ with the seals out at which time the propeller was allowed
to wind-mill in the tunnel stream. The torque required to overccme the
seal friction was fomd to be 19.4 foot-po~ at all rotatimml speeds,
a 5 horsepowr at 1350 ~. ‘l?Msrotational drag would depend on the
pressure difference across the seal, the diameter of the seal, and the
amount of effective lubrication.

Tor the peak-efficiency condition at a blade angle of 40°, the
rotaticmal drag when charged to the propeller resulted in an additional

~ percent decrease in efficiency, or a net efficiency of 0.8h4. By

.

.

.

c–&parison, the losses entailed by the introduction of tip nozzle and

Internal air flow may be considered of small hpcm%ance.

CONCLUSIONS
.

The following conclusions were fidicated by tests to determine the
effects on propeller efficiency &f thermal de-icing of airplane propellers
by use of titernal flow through hollow blades:

1. Flow through a tip nozzle of good external design but with poor
internal ductina caused peak efficiency losses of little more than
1 percent.

2. The p- efficiency losses may be estimated with fati accuracy
*

by the use of a theoretical method.

3. !?k!headdition of heat to the internal flow caused no appreciable
additional change h the envelope efficiency.

1
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4. Bench tests indicated that changes ti blade angle did not effect
the pressure drop through the system.

5Q Ben* testsembing smoke indicated thsk the internal ducting
of the blade should be f aired to the tip ‘nozzle b obtain better flow
characteristica.

6. The torque of the epinner-@ncture seals necesszc& to this
design was excessive and large efficiency losses resulted ~en this torque
-s charged to the propeller.

~ey Memorial Aeronautical IAoratory
National Adtisory CXmmittee for Aercmautics

‘ Lan@ey Field, Vs., Septmber 27, 194?
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Figure l.- Wind-tunnel test arrangement.
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Figure 4.- Blade tip and tip nozzle.
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(a) Top view.

Figure 12.- Flow from blade tipnozzle.
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(a) Top view,

Figure 14,- Flow from revised blade-tipnozzle.
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